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(57)Abstract: 

PURPOSE: To suppress the generation of impulsive noises by providing a 
magnetic field generating element which can impress magnetic fields to 
the prescribed region of a soft magnetic backing layer at the time of signal 
reproduction. 

CONSTITUTION: This perpendicular magnetic recording medium 2 is 
constituted by successively laminating the soft magnetic backing layer 6 
and a magnetization recording layer 7 having perpendicular magnetic 
anisotropy on a nonmagnetic disk-shaped substrate 5. Further, a 
protective layer 8 is formed thereon. Sense current I flowing in the 
magnetic head 1 of this magnetic recording and reproducing device 
generates the magnetic field H in an intra-surface direction within the soft 
magnetic backing layer 6 right under the magnetic head 1 and the 
magnetic walls of the soft magnetic layer are fixed by this magnetic field 
or is magnetized in one direction, by which the magnetic walls are 
dissipated. Then, the magnetic wall transfer of the soft magnetic backing 
layer 6 is suppressed without affecting the recording magnetization of the 
perpendicular magnetic anisotropy layer 7, The generation of the impulsive 
noises by the abrupt magnetic wall transfer is suppressed. 
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* NOTICES * 

JPO >and NCIPI are not responsible for any 
damages caused by the use of this translation. 

i:This document has been translated by computer. So the translation may not reflect the original precisely. 
2***** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] It is the magnetic recorder and reproducing device characterized by for said magnetic head to possess the 
field generating component which can impress a field to the predetermined field of said soft-magnetism backing layer 
m the magnetic recorder and reproducing device with which the magnetization record layer which has a soft magnetism 
backing layer and a perpendicular magnetic anisotropy on a substrate consists of a vertical-magnetic-recording medium 
by which the laminating was carried out, and the magnetic head which carries out record playback of the signal 
magnetization to this vertical-magnetic-recording medium at the time of signal regeneration. 

[Claim 2] It is the magnetic recorder and reproducing device according to claim 1 characterized by the magnetic field 
strength in the soft magnetism backing layer at the time of the signal regeneration of said magnetic head being larger 
than the coercive force which a soft magnetism backing layer has, and the magnetic field strength in a magnetization 
record layer being smaller than the coercive force of the perpendicular direction of a magnetization record layer. 
[Claim 3] The distance d and said soft magnetism backing layer from the current core of current density J of said field 
generating component being the conductor of the cross section S, and flowing said field generating component to said 
soft magnetism backing layer are coercive force He. To a case, it is J. > Magnetic recorder and reproducing device 
according to claim 1 characterized by satisfying 2pidHc/S. 

[Claim 4] Said field generating component is a magnetic recorder and reproducing device according to claim 1 
characterized by consisting of a hard magnetic film magnetically. 

[Claim 5] The current which flows for said field generating component is a magnetic recorder and reproducing device 
according to claim 3 characterized by being alternating current. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magnetic recorder and reproducing device constituted by the 
magnetic head which reproduces the signal magnetization recorded on the vertical-magnetic-recording medium and this 
vertical-magnetic-recording medium of the two-layer structure where the soft magnetism layer was backed by 
especially the perpendicular magnetic-anisotropy layer about magnetic recorder and reproducing devices such as a 
hard disk drive unit. ' 
[0002] 

[Description of the Prior Art] In recent years, in the computer field, use is prosperous in magnetic recording media, 
such as a hard disk drive unit, as mass external storage in which random access is possible. And the demand to large- 
capacity-izing of storage capacity and a raise in recording density is increasing increasingly with expansion of use. 
Then, since various in order to meet such a demand, researches and developments are made. 
[0003] The thing of structure which two or more disks which come to prepare a magnetic layer on a disc-like 
nonmagnetic substrate put in the shape of a cylinder, is prepared, and was made to position by generally moving the 
head for record playback arranged through an arm in each of this disk side by the actuator as a hard disk drive unit is 
known. In case the hard disk drive unit of such structure performs informational record playback, a head does not 
contact directly the disk side rotated at high speed, but it is arranged so that the location of a request of a disk side may 
be accessed m the condition of having risen to suri^ace slightly, it records a signal to the truck of the shape of a 
concentric circle formed in the disk side, or is reproduced. 

[0004] In the above-mentioned hard disk drive unit, in order to meet the demand of large-capacity-izing of memory 
capacity, the attempt which is going to raise recording density is made by raising recording density or raising track 
density unUl now by raising the track recording density of a disk, i.e., the consistency of the direction of a truck In 
recent years, in order to raise recording density further, researches and developments of the contact record which a head 
is mostly contacted to a record medium and carries out record playback of the signal are also done energetically 
[0005] Vertical magnetic recording is known as one of the approaches of raising track recording density. Compared 
with the magnetic-recording method within a field which has an anisotropy in the conventional field inboard, the 
demagnetizing field m a magnetization transition part became very small on the principle, and this vertical magnetic 
recording became able [ magnetization transition width of face ] to record on high density narrowly. Moreover by the 
perpendicular magnetic head using a strip-of-paper-like soft magnetism thin film, the record field of a more nearly 
perpendicular direction is acquired and it is checked that it is effective in densification. Furthermore, in order to gather 
record and regeneration efficiency and to form steeper magnetization transition, to the bottom of a perpendicular 
anisotropy layer, the perpendicular two-layer stnacture magnetic-recording medium which prepared the soft magnetism 
backing layer is also proposed, and development is advanced. By the magnetic interaction of a head and a soft 
magnetism backing layer, this perpendicular two-layer stmcture magnetic-recording medium can reduce the 
demagnetizing field at a head tip, and can acquire a bigger generating field. Moreover, at the time of playback, since 
the demagnetizing field in a head tip is small, the effective penneability can become large, the magnetic flux ft-om a 
medium can converge on a head efficiently, and a big signal can be acquired. 

[0006] However, in the above-mentioned conventional perpendicular two-layer stmcture magnetic-recording medium 
when a soft magnetism backing layer was used, the magnetic domain wall of a soft magnetism layer moved to 
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discontinuity by the feeble field from the head magnetized by the pressure by contact and playback magnetic flux of a 
head at the time of signal regeneration etc., the pulse-like noise occurred, and there was a problem of reducing a signal 
quality remarkably. Moreover, if the soft magnetic characteristics of a backing layer become good while that the 
coercive force of a soft magnetism backing layer is small (permeability is large) can gather record regeneration 
efficiency by the magnetic interaction of a head and a soft magnetism backing layer Conversely, it becomes easy to 
move a magnetic domain wall, and during signal regeneration, the pulse-like noise by domain wall displacement 
occurred, the signal quality deteriorated by this, the error rate of signal regeneration went up, and there was a problem 
of spoiling dependability. 
[0007] 

[Problem(s) to be Solved by the Invention] When a soft magnetism backing layer was used, and the magnetic domain 
wall of a soft magnetism layer moved to discontinuity by the feeble field from the head magnetized by the pressure by 
contact and playback magnetic flux of a head at the time of signal regeneration etc., the pulse-like noise occurred and 
there was [ as mentioned above, ] a problem of reducing a signal quality remarkably. Moreover, if the soft magnetic 
charactenstics of a soft magnetism backing layer become good while that the coercive force of a soft magnetism 
backing layer is small (permeability is large) can gather record regeneration efficiency by the magnetic interaction of a 
head and a soft magnetism backing layer Conversely, it becomes easy to move a magnetic domain wall, and during 
signal regeneration, the pulse-like noise by domain wall displacement occurred, the signal quality deteriorated by this 
the error rate of signal regeneration went up, and there was a problem of spoiling dependability. 
[0008] Then, this invention aims at offering the magnetic-recording medium suitable for high density record by 
conti-o Img the domain wall displacement of the soft magnetism backing layer at the time of signal regeneration and 
controlling generating of a pulse-like noise effectively. 
[0009] 

[Means for Solving the Problem] In the magnetic recorder and reproducing device with which the magnetic recorder 
and reproducing device of this invention consists of the magnetic head to which the magnetization record layer which 
has a soft magnetism backing layer and a perpendicular magnetic anisoti-opy on a subshate carries out record playback 
of the signal magnetization to the vertical-magnetic-recording medium by which the laminating was carried out and 
this vertical-magnetic-recording medium, said magnetic head possesses the field generating component which can 
mm m^^^ ^'^^^ ^° predetermined field of said soft magnetism backing layer at the time of signal regeneration 
[0010] And It is made for the magnetic field strength in a magnetization record layer to become smaller than the 
coercive force of the perpendicular direction of a magnetization record layer more greatiy than the coercive force which 
a soft magnetism backing layer has as for the magnetic field strength in the soft magnetism backing layer at the time of 
the signal regeneration of said magnetic head. 

^^11^ 1^°''^''''^''' ^stance d and said soft magnetism backing layer from the cunent core of current density J of 
said field generating component being the conductor of the cross section S, and flowing said field generating 
component to said soft magnetism backing layer are coercive force He. To a case, it is J. > It is made to satisfy 
2pidHc/S. 
[0012] 

[Function] According to this invention, the sense current which flows the magnetic head at the time of signal 
regeneration extinguishes a magnetic domain wall by making the interior of the soft magnetism backing layer directiv 
under the magnetic head generate the field of field inboard, and fixing tiie magnetic domain wall of a soft magnetism 
layer by the field, or making an one direction magnetized. Therefore, without affecting record magnetization of a 
perpendicular magnetic-anisotiropy layer, the domain wall displacement of a soft magnetism backing layer can be 
controlled, and can control generating of tiie pulse-like noise by rapid domain wall displacement 
[0013] Moreover, holding power He of a soft magnetism backing layer If a big impression field is impressed to a soft 
magnetism backing layer, the magnetic domain wall in the soft magnetism backing layer located in the perimeter of a 
head playback component will fix, and rapid domain wall displacement will not happen in directiy under [ where the 
playback sensibility of a head playback component is the highest / head ]. Here, an impression field is a direct-current 
field by the direct current or the hard magnetic film, or an alternating current field by alternating cuirent Moreover 
when an alternating current field, especially a high-frequency field are impressed, originally the soft magnetism ' 
backing layer which is a domain-wall-displacement mold repeats the flux reversal of a magnetization rotation mold 
and domain wall displacement stops being able to occur easily. Furthermore, this impression field does not affect at all 
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magnetization of the magnetization record layer which bears a record signal by making smaller than the coercive force 
of a magnetization record layer magnetic field strength of the impression field in the magnetization record layer which 
has 3 perpendicular anisotropy. 

[0014] Therefore, since magnetization of a magnetization record layer does not receive effect in an impression field at 
all while according to this invention being able to control the domain wall displacement of the soft magnetism backing 
layer at the time of signal regeneration and being able to control generating of a pulse-like noise effectively, 
degradation of a signal quality can be prevented. 
[0015] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
(Example 1) 

[0016] Drawing 1 is the partial cross-section perspective view showing the configuration of the magnetic recorder and 
reproducing device concerning one example of this invention. The magnetic recorder and reproducing device of this 
example consists of the magnetic head 1 and a vertical-magnetic-recording medium 2. 

[0017] The magnetic head 1 is a magneto-resistive effect component (MR component) which consists of thickness 0.02 
for reproducing the magnetization signal recorded on the vertical-magnetic-recording medium [mum], a permalloy thin 
film of height 3 [mum], etc., and is opposite-* *(ed) by the vertical-magnetic-recording medium 2 by non-contact 
through the arm 3. Moreover, this magnetic head 1 is positioned by the vertical-magnetic-recording medium 2 with an 
actuator (not shown) on the truck 4 of the request by which two or more formation was carried out at the shape of a 
concentric circle. 

[0018] On the substrate 5 disc-like [ nonmagnetic ] in the vertical-magnetic-recording medium 2, the laminating of the 
soft magnetism backing layer 6 and the magnetization record layer 7 which has a perpendicular magnetic anisotropy is 
carried out one by one, and the protective layer 8 is further formed on it. Specifically, thickness 0.1 [mum] formation of 
the soft magnetism backing layer 2 which consists of a CoZrNb microcrystal by the RF spatter in an argon gas ambient 
atmosphere on the glass substrate 5 of the thickness 0.4 of the diameter of 1.8 inch [mm] was carried out. The field 
inboard coercive force Hcs of the soft magnetism backing layer 6 was 10 [Oe]. Furthermore on it, the magnetization 
record layer 7 which has the perpendicular magnetic anisotropy which consists of CoPt of thickness 0.07 [mum] by the 
DC magnetron sputtering method in an argon gas ambient atmosphere was formed. The perpendicular direction 
coercive force Hch of the magnetization record layer 7 was 2000 [Oe]. On the magnetization record layer 7, in order to 
secure the endurance over contact of a head, thickness 0.01 [mum] formation of the protective layer 8 which consists of 
hard carbon was carried out by the microwave excitation ECR spatter. 

[0019] Drawing 2 is the mimetic diagram showing the longitudinal section of a head and the medium relative- 
displacement direction. The vertical-magnetic-recording medium 2 rotates towards the drawing Nakaya mark A. the 
cross section S of the magnetic head 1 ~ 6x10- 14m2 it is ~ spacing of the magnetic head 1 and the lubrication 
protective coat 8 of a vertical-magnetic-recording medium front face was 0.01 [mum]. In the magnetic head 1, the 
sense current I of current density J was passed crosswise [ of a truck ] (direction perpendicular to space) at the time of 
signal regeneration. In addition, current density J, the cross section S, and the sense current I serve as relation of J=I/S. 
Moreover, this sense current I is a current for impressing Field H, and, thereby, has a function as a field generating 
component in the soft magnetism backing layer 6 while it is a current for changing resistance change of MR component 
mto electrical-potential-difference change. The distance d from the core of the sense current I of flowing the magnetic 
head 1 to the front face of the soft magnetism backing layer 2 was 1.59 [mum]. And the current density J of the current 
which flows the magnetic head 1 is [0020]. 

[Equation 1] 1.33x1011 A/m2 in order to carry out as [ satisfy / J>2pidHcs/S ] It is 2x1011 A/m2 so that it may become 
above. It set up. 

[0021] The sense current I which flows the magnetic head 1 of the magnetic recorder and reproducing device 
constituted as mentioned above extinguishes a magnetic domain wall by making the interior of the soft magnetism 
backing layer 6 of magnetic-head 1 directly under generate the field H of field inboard, and fixing the magnetic domain 
wall of a soft magnetism layer by the field, or making an one direction magnetized. Therefore, without affecting record 
magnetization of the perpendicular magnetic-anisotropy layer 7, the domain wall displacement of the soft magnetism 
backing layer 6 was able to be controlled, could control generating of the pulse-like noise by rapid domain wall 
displacement, and was able to raise the signal quality. 

[0022] Moreover, when alternating current I, i.e., the sense current of a frequency 1 [MHz], was passed to the magnetic 
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head 1 and a high-frequency field was impressed, since the soft magnetism backing layer 6 which is a domain-wall- 
displacement mold originally repeated the flux reversal of a magnetization rotation mold, domain wall displacement 
stopped being able to occur easily and generating of a pulse-like noise was able to be controlled. 
[0023] In addition, the magnetic field strength in the perpendicular magnetic-anisotropy layer 7 interior at the time of 
signal regeneration is a maximum of 16 [Oe], and since it is far smaller than coercive force Hch=2000[Oe] of the 
perpendicular magnetic-anisotropy layer 7, it does not affect record magnetization. 

[0024] Table 1 shows the gain of the pulse-like noise from the regenerative-signal output and the soft magnetism 
backing layer 6 at the time of changing various J/(2pidHcs/S) by making into a parameter current density J of the 
current passed to the magnetic head 1. 



[0025] 
[Table 1] 


J / ( 2 


K d 


H cs/ S ) 


■gr >4- 73 PL iTj _i- 

« ^ IS ^ ai 73 




3 . 


0 0 


0 . 0 14 




1 . 


5 0 


0 . 0 2 1 




1 . 


1 0 


0 . 0 4 5 




0 . 


9 0 


0 . ISO 




0 . 


5 0 


0 . 2 4 0 



[0026] If the current density J of the current passed to the magnetic head 1 increases and J/(2pidHcs/S) increases from 
Table 1, the gain of a pulse-like noise will become small and a signal quality will improve. If J/(2pidHcs/S) becomes 
large and satisfies a formula 1 from 1 especially, a pulse-like noise will be controlled rapidly and it will be less than the 
value (0.05) which is the standard which works a recording device errorless. 
(Example 2) 

[0027] Drawing 3 is drawing of longitudinal section showing the configuration of the magnetic recorder and 
reproducing device concerning one example of this invention. The magnetic head 1 for reproducing the magnetization 
signal recorded on the vertical-magnetic-recording medium 2 is the induction type perpendicular magnetic head, the 
magnetic pole 1 1 which has a coil 10 is specifically formed in one side face of the base 9, and the closure of these is 
earned out by the insulating layer 12 and protection resin 13. This magnetic pole 11 is formed with the FeSiN quantity 
permeability film. Moreover, fitting is carried out to the base of the base 9 so that the hard magnetism material 14 
which consists of CoSm may not contact a magnetic pole 11. This hard magnetism material 14 is magnetized by 
Magnetization M almost in parallel to the field of the vertical-magnetic-recording medium 2. 

[0028] On the other hand, the vertical-magnetic-recording medium 2 carried out thickness 0.12 [mum] formation of the 
soft magnetism backing layer 15 which consists of FeSi by the DC magnetron sputtering method in an argon gas 
ambient atmosphere on the glass substrate 5 of the thickness 0.635 of the diameter of 2.5 inch [mm]. The field inboard 
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coercive force Hcs of this soft magnetism backing layer 15 was 6 [Oe]. Furthermore on it, the magnetization record 
layer 33 which has the perpendicular magnetic anisotropy which consists of a CoCr alloy of thickness 0.1 [mum] was 
formed by the DC magnetron sputtering method in the argon gas ambient atmosphere through the spatter carbon 
interlayer 16 of thickness 0.04 [mum]. The coercive force Hch of the perpendicular direction of the magnetic-recording 
I^yer 17 which has the perpendicular magnetic anisotropy which consists of this CoCr was 1600 [Oe]. On the 
magnetization record layer 17, in order to secure the endurance over contact of a head, thickness 0.005 [mum] 
formation of the protective coat 18 which consists of SiN was carried out by RF spatter. 

[0029] The hard magnetism material 14 of Magnetization M impresses a field to the soft magnetism backing layer 15 
by the magnetization, and domain wall displacement is controlled like an example 1 by the above configurations. 
Therefore, the pulse-like noise by the domain wall displacement of the soft magnetism backing layer 15 can be 
reduced, and a signal quality can be raised. 

[0030] In addition, the impression magnetic field strength within the soft magnetism backing layer 15 which can set 
this example is about 30 [Oe], and since it has exceeded the coercive force Hcs of the soft magnetism backing layer 15, 
an impression field does not affect at all magnetization of the magnetization record layer which bears a record signal. 

(Example 3) 

[0031] Drawing 4 is the partial cross-section perspective view showing the configuration of the magnetic recorder and 
reproducing device concerning one example of this invention. The conductors 21 and 21 for the magnetic head 1 to 
introduce the sense current I into the hard magnetism material 20 and 20 and the MR component 19 which become the 
both ends of the MR component 19 from CoPt of thickness 0.02 [mum] are formed, the conductor of conductors 21 and 
21 -- the width of recording track Tw by which the between distance D is formed in a vertical-magnetic-retcording 
medium It specifies, in addition, the conductor of conductors 21 and 21 ~ the between distance D and the width of 
recording track Tw relation ~ D>Tw It is desirable. 

[0032] The vertical-magnetic-recording medium 2 carried out thickness 0.2 [mum] formation of the soft magnetism 
backing layer 22 which consists of NiFe on the substrate 5 made from the aluminum of the thickness 0.635 of the 
diameter of 2.5 inch [mm] by the DC magnetron sputtering method in the argon gas ambient atmosphere. The field 
inboard coercive force Hcs of the soft magnetism backing layer 22 was 12 [Oe]. the magnetization record layer 23 
which furthermore has the perpendicular magnetic anisotropy which consists of CoCrTa on it -- the inside of an argon 
gas ambient atmosphere ~ the DC magnetron sputtering method ~ thickness 0.08 [mum] ~ having formed . The 
perpendicular direction coercive force Hch of this magnetization record layer 23 was 1900 [Oe]. On the magnetization 
record layer 23, in order to secure the endurance over contact of a head, thickness 0.007 [mum] formation of the 
insulating protective coat 24 which consists of ZrO was carried out by RF spatter. 

[0033] The hard magnetism material 20 and 20 has Magnetization M crosswise [ of a tinck ] (radial [ of a substi-ate ]), 
and impresses the field of the truck cross direction to the interior of a soft magnetism backing layer by the 
magnetization M. The magnetic field strength of tfie truck cross direction by the hard magnetism material 20 and 20 is 
about 20 [Oe], and exceeds the coercive force Hcs of the soft magnetism backing layer 23. Thereby, the pulse-like 
noise by the domain wall displacement of the soft magnetism backing layer 23 was able to be reduced, and the signal 
quality as well as the above-mentioned example was able to be raised. 

[0034] In addition, in the example of this invention, although the laminating of a soft magnetism backing layer and the 
magnetization record layer was carried out only to one field of a substi-ate, you may be Uie vertical-magnetic-recording 
medium of the double-sided mold which did not adhere to this and carried out the laminating also to die field of another 
side of a substrate. 
[0035] 

[Effect of the Invention] According to this invention, even if it is a vertical-magnetic-recording medium using a soft 
magnetism backing layer, the domain wall displacement of the soft magnetism backing layer at the time of signal 
regeneration can be controlled, and generating of a pulse-like noise can be conti-oUed effectively. Moreover, since 
magnetization of a magnetization record layer does not receive effect in an impression field at all, degradation of a 
signal quality can be prevented. Therefore, it becomes possible to acquire the regenerative signal of the big high quality 
of SN, without spoiling the high density recording characteristic of a vertical magnetic recording. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magnetic recorder and reproducing device 
constituted by the magnetic head which reproduces the signal magnetization recorded on the 
vertical-magnetic-recording medium and this vertical-magnetic-recording medium of the two- 
layer structure where the soft magnetism layer was backed by especially the perpendicular 
magnetic-anisotropy layer about magnetic recorder and reproducing devices, such as a hard disk 
drive unit. 



[0002] 

[Description of the Prior Art] In recent years, in the computer field, use is prosperous in 
magnetic recording media, such as a hard disk drive unit, as mass external storage in which 
random access is possible. And the demand to large-capacity-izing of storage capacity and a 
raise in recording density is increasing increasingly with expansion of use. Then, since various in 
order to meet such a demand, researches and developments are made. 

[0003] The thing of structure which two or more disks which come to prepare a magnetic layer 
on a disc-like nonmagnetic substrate put in the shape of a cylinder, is prepared, and was made to 
position by generally moving the head for record playback arranged through an arm in each of 
this disk side by the actuator as a hard disk drive unit is known. In case the hard disk drive unit 
of such structure performs informational record playback, a head does not contact directly the 
disk side rotated at high speed, but it is arranged so that the location of a request of a disk side 
may be accessed in the condition of having risen to surface slightly, it records a signal to the 
truck of the shape of a concentric circle formed in the disk side, or is reproduced. 

[0004] In the above-mentioned hard disk drive unit, in order to meet the demand of large- 
capacity-izing of memory capacity, the attempt which is going to raise recording density is made 
by raismg recording density or raising track density until now by raising the track recording 
density of a disk, i.e., the consistency of the direction of a truck. In recent years, in order to raise 
recording density further, researches and developments of the contact record which a head is 
mostly contacted to a record medium and carries out record playback of the signal are also done 
energetically. 



[0005] Vertical magnetic recording is known as one of the approaches of raising track recording 
density. Compared with the magnetic-recording method within a field which has an anisotropy ii 



the conventional field inboard, the demagnetizing field in a magnetization transition part became 
very small on the principle, and this vertical magnetic recording became able [ magnetization 
transition width of face ] to record on high density narrowly. Moreover, by the perpendicular 
magnetic head using a strip-of-paper-like soft magnetism thin film, the record field of a more 
nearly perpendicular direction is acquired and it is checked that it is effective in densification. 
Furthermore, in order to gather record and regeneration efficiency and to form steeper 
magnetization transition, to the bottom of a perpendicular anisotropy layer, the perpendicular 
two-layer structure magnetic-recording medium which prepared the soft magnetism backing 
layer is also proposed, and development is advanced. By the magnetic interaction of a head and a 
soft magnetism backing layer, this perpendicular two-layer structure magnetic-recording medium 
can reduce the demagnetizing field at a head tip, and can acquire a bigger generating field. 
Moreover, at the time of playback, since the demagnetizing field in a head tip is small, the 
effective permeability can become large, the magnetic flux from a medium can converge on a 
head efficiently, and a big signal can be acquired. 

[0006] However, in the above-mentioned conventional perpendicular two-layer structure 
magnetic-recording medium, when a soft magnetism backing layer was used, the magnetic 
domain wall of a soft magnetism layer moved to discontinuity by the feeble field from the head 
magnetized by the pressure by contact and playback magnetic flux of a head at the time of signal 
regeneration etc., the pulse-like noise occurred, and there was a problem of reducing a signal 
quality remarkably. Moreover, if the soft magnetic characteristics of a backing layer become 
good while that the coercive force of a soft magnetism backing layer is small (permeability is 
large) can gather record regeneration efficiency by the magnetic interaction of a head and a soft 
magnetism backing layer Conversely, it becomes easy to move a magnetic domain wall, and 
during signal regeneration, the pulse-like noise by domain wall displacement occurred, the signal 
quality deteriorated by this, the error rate of signal regeneration went up, and there was a 
problem of spoiling dependability. 

[0007] 

[Problem(s) to be Solved by the Invention] When a soft magnetism backing layer was used, and 
the magnetic domain wall of a soft magnetism layer moved to discontinuity by tiie feeble field 
from the head magnetized by the pressure by contact and playback magnetic flux of a head at the 
time of signal regeneration etc., the pulse-like noise occurred and there was [ as mentioned 
above, ] a problem of reducing a signal quality remarkably. Moreover, if the soft magnetic 
characteristics of a soft magnetism backing layer become good while that the coercive force of a 
soft magnetism backing layer is small (permeability is large) can gather record regeneration 
efficiency by the magnetic interaction of a head and a soft magnetism backing layer Conversely, 
It becomes easy to move a magnetic domain wall, and during signal regeneration, the pulse-like' 
noise by domain wall displacement occurred, the signal quality deteriorated by this, the error rate 
of signal regeneration went up, and there was a problem of spoiling dependability. 

[0008] Then, this invention aims at offering the magnetic-recording medium suitable for high 
density record by contirolling the domain wall displacement of the soft magnetism backing layer 
at the time of signal regeneration, and controlling generating of a pulse-like noise effectively. 



[0009] 

[Means for Solving the Problem] In the magnetic recorder and reproducing device with which 
the niagnetic recorder and reproducing device of this invention consists of the magnetic head to 
which the magneuzation record layer which has a soft magnetism backing layer and a 
perpendicular magnetic anisotropy on a substrate carries out record playback of the signal 
magnetization to the vertical-magnetic-recording medium by which the laminating was canied 
out, and this vertical-magnetic-recording medium, said magnetic head possesses the field 
generating component which can impress a field to the predetermined field of said soft 
magnetism backing layer at tiie time of signal regeneration. 

[0010] And it is made for the magnetic field strength in a magnetization record layer to become 
smaller than the coercive force of the peipendicular direction of a magnetization record layer 
more greatly tiian die coercive force which a soft magnetism backing layer has as for the 
magnetic field strength in the soft magnetism backing layer at tiie time of the signal regeneration 
of said magnetic head. * 

[0011] Moreover, the distance d and said soft magnetism backing layer from the current core of 
cunent density J of said field generating component being the conductor of the cross section S 
and flowing said field generating component to said soft magnetism backing layer are coercive 
torce He. To a case, it is J. > It is made to satisfy 2pidHc/S. 

[0012] 

[Function] According to this invention, the sense current which flows the magnetic head at the 
time of signal regeneration extinguishes a magnetic domain wall by making die interior of the 
soft magnetism backing layer directiy under the magnetic head generate the field of field inboard 
and fixing the magnetic domain wall of a soft magnetism layer by the field, or making an one ' 
direction magnetized. Therefore, without affecting record magnetization of a perpenchcular 
magnetic-anisotropy layer, the domain wall displacement of a soft magnetism backing layer can 
be controlled, and can control generating of the pulse-like noise by rapid domain wall 
displacement. 

ITiL^i^^^T^'' ^f"^""^ ^"^^^ ' magnetism backing layer If a big impression field 
IS impre sed to a soft magnetism backing layer, the magnetic domain wall in the soft magnetism 

w^^dirf ' il" ^*^tP^""^^.^^^ °f ^ head playback component will fix, and rapid Somain 
wall displacement will not happen in directiy under [ where the playback sensibility of a head 
playback component is the highest / head ]. Here, an impression field is a direct-current field by 
die direct current or the hard magnetic film, or an alternating cuirent field by alternating cunent. 
Moreover, when an alternating current field, especially a high-frequency field are impressed 
onginally the soft magnetism backing layer which is a domain-wall-displacement mold repe;ts 
the flux reversal of a magnetization rotation mold, and domain wall displacement stops being 
able to occur easily. Furthermore, this impression field does not affect at all magnetization of the 

7!T^^T r"'' '^"^ ' -^"g than Z coercive force 

of a magnetization record layer magnetic field strength of the impression field in tiie 
magnetization record layer which has a perpendicular anisotropy. 

[0014] Therefore, since magnetization of a magnetization record layer does not receive effect in 



an impression field at all while according to this invention being able to control the domain wall 
displacement of the soft magnetism backing layer at the time of signal regeneration and being 
able to control generating of a pulse-like noise effectively, degradation of a signal quality can be 
prevented. 

[0015] 
[Example] 

Hereafter, the example of this invention is explained with reference to a drawing. 
(Example 1) 

[0016] Drawing 1 is the partial cross-section perspective view showing the configuration of the 
magnetic recorder and reproducing device concerning one example of this invention. The 
magnetic recorder and reproducing device of this example consists of the magnetic head 1 and a 
vertical-magnetic-recording medium 2. 

[0017] The magnetic head 1 is a magneto-resistive effect component (MR component) which 
consists of thickness 0.02 for reproducing the magnetization signal recorded on the vertical- 
magnetic-recordirig medium [mum], a peniialloy thin film of height 3 [mum], etc., and is 
opposite-**(ed) by the vertical-magnetic-recording medium 2 by non-contact through the arm 3. 
Moreover, this magnetic head 1 is positioned by the vertical-magnetic-recording medium 2 with 
an actuator (not shown) on the truck 4 of the request by which two or more formation was 
carried out at the shape of a concentric circle. 

[0018] On the substrate 5 disc-like [ nonmagnetic ] in the vertical-magnetic-recording medium 2, 
the laminating of the soft magnetism backing layer 6 and the magnetization record layer 7 which 
has a perpendicular magnetic anisotropy is carried out one by one, and the protective layer 8 is 
further formed on it. Specifically, thickness 0.1 [mum] formation of the soft magnetism backing 
layer 2 which consists of a CoZrNb microcrystal by the RF spatter in an argon gas ambient 
atmosphere on the glass substrate 5 of the thickness 0.4 of the diameter of 1.8 inch [mm] was 
carried out. The field inboard coercive force Hcs of the soft magnetism backing layer 6 was 10 
[Oe]. Furthermore on it, the magnetization record layer 7 which has the perpendicular magnetic 
anisotropy which consists of CoPt of thickness 0.07 [mum] by the DC magnetron sputtering 
method in an argon gas ambient atmosphere was formed. The perpendicular direction coercive 
force Hch of the magnetization record layer 7 was 2000 [Oe]. On the magnetization record layer 
7, in order to secure the endurance over contact of a head, thickness 0.01 [mum] formation of the 
protective layer 8 which consists of hard caibon was carried out by the microwave excitation 
ECR spatter. 

[0019] Drawing 2 is the mimetic diagram showing the longitudinal section of a head and the 
medium relative-displacement direction. The vertical-magnetic-recording medium 2 rotates 
towards the drawing Nakaya mark A. the cross section S of the magnetic head 1 - 6xl0-14m2 it 
is ~ spacing of the magnetic head 1 and the lubrication protective coat 8 of a vertical-magnetic- 
recording medium front face was 0.01 [mum]. In the magnetic head 1, the sense current I of 
current density J was passed crosswise [ of a truck ] (direction perpendicular to space) at the time 
of signal regeneration. In addition, current density J, the cross section S, and the sense current I 



serve as relation of J=I/S. Moreover, this sense current I is a current for impressing Field H, and, 
thereby, has a function as a field generating component in the soft magnetism backing layer 6 
while it is a current for changing resistance change of MR component into electrical-potential- 
difference change. The distance d from the core of the sense current I of flowing the magnetic 
head 1 to the front face of the soft magnetism backing layer 2 was 1.59 [mum]. And the current 
density J of the current which flows the magnetic head 1 is 

[0020]. 

[Equation 1] 1.33x1011 A/m2 in order to carry out as [ satisfy / J>2pidHcs/S ] It is 2x1011 A/m2 
so that it may become above. It set up. 

[0021] The sense current I which flows the magnetic head 1 of the magnetic recorder and 
reproducing device constituted as mentioned above extinguishes a magnetic domain wall by 
making the interior of the soft magnetism backing layer 6 of magnetic-head 1 directiy under 
generate the field H of field inboard, and fixing the magnetic domain wall of a soft magnetism 
layer by the field, or making an one direction magnetized. Therefore, without affecting record 
magnetization of the perpendicular magnetic-anisoti-opy layer 7, the domain wall displacement of 
the soft magnetism backing layer 6 was able to be conft-olled, could conti-ol generating of the 
pulse-like noise by rapid domain wall displacement, and was able to raise the signal quality. 

[0022] Moreover, when alternating current I, i.e., the sense current of a frequency 1 [MHz], was 
passed to the magnetic head 1 and a high-frequency field was impressed, since the soft 
magnetism backing layer 6 which is a domain-wall-displacement mold originally repeated the 
flux reversal of a magnetization rotation mold, domain wall displacement stopped being able to 
occur easily and generating of a pulse-like noise was able to be contt-olled. 

[0023] In addition, the magnetic field sti-ength in the perpendicular magnetic-anisotropy layer 7 
interior at the time of signal regeneration is a maximum of 16 [Oe], and since it is far smaller 
than coercive force Hch=2000[Oe] of the perpendicular magnetic-anisotropy layer 7, it does not 
affect record magnetization. 

[0024] Table 1 shows the gain of the pulse-like noise from the regenerative-signal output and the 
soft magnetism backing layer 6 at the time of changing various J/(2pidHcs/S) by making into a 
parameter current density J of the current passed to the magnetic head 1. 



[0025] 

[Table 1] 



J / ( 2 7f d H cs/ S ) 




3 . 0 0 


0 . 0 14 


1 . 5 0 


0 . 0 2 1 


1 . 10 


0 . 0 4 5 


0 . 9 0 


0 . 15 0 


0 . 5 0 


0. 2 4 0 



[0026] If the current density J of the current passed to the magnetic head 1 increases and 
J/(2pidHcs/S) increases from Table 1, the gain of a pulse-like noise will become small and a 
signal quality will improve. If J/(2pidHcs/S) becomes large and satisfies a formula I from 1 
especially, a pulse-like noise will be controlled rapidly and it will be less than the value (0.05) 
which is the standard which works a recording device errorless. 

(Example 2) 

[0027] Drawing 3 is drawing of longitudinal section showing the configuration of the magnetic 
recorder and reproducing device concerning one example of this invention. The magnetic head 1 
for reproducing the magnetization signal recorded on the vertical-magnetic-recording medium 2 
is the induction type perpendicular magnetic head, the magnetic pole 11 which has a coil 10 is 
specifically formed in one side face of the base 9, and the closure of these is carried out by the 
insulating layer 12 and protection resin 13. This magnetic pole 11 is formed with the FeSiN 
quantity permeability film. Moreover, fitting is carried out to the base of the base 9 so that the 
hard magnetism material 14 which consists of CoSm may not contact a magnetic pole 11. This 
hard magnetism material 14 is magnetized by Magnetization M almost in parallel to the field of 
the vertical-magnetic-recording medium 2. 



[0028] On the other hand, the vertical-magnetic-recording medium 2 carried out thickness 0.12 
[mum] formation of the soft magnetism backing layer 15 which consists of FeSi by the DC 
magnetron sputtering method in an argon gas ambient atmosphere on the glass substrate 5 of the 
thickness 0.635 of the diameter of 2.5 inch [mm]. The field inboard coercive force Hcs of this 
soft magnetism backing layer 15 was 6 [Oe]. Furthermore on it, the magnetization record layer 
33 which has the perpendicular magnetic anisotropy which consists of a CoCr alloy of thickness 
0.1 [mum] was foraied by the DC magnetron sputtering method in the argon gas ambient 
atmosphere through the spatter carbon interiayer 16 of thickness 0.04 [mum]. The coercive force 
Hch of the perpendicular direction of the magnetic-recording layer 17 which has the 
perpendicular magnetic anisotropy which consists of this CoCr was 1600 [Oe]. On the 
magnetization record layer 17, in order to secure the endurance over contact of a head, thickness 
0.005 [mum] formation of the protective coat 18 which consists of SiN was carried out by RF 
spatter. 

[0029] The hard magnetism material 14 of Magnetization M impresses a field to the soft 
magnetism backing layer 15 by the magnetization, and domain wall displacement is controlled 
like an example 1 by the above configurations. Therefore, the pulse-like noise by the domain 
wall displacement of the soft magnetism backing layer 15 can be reduced, and a signal quality 
can be raised. o j 

[0030] In addition, the impression magnetic field strength within the soft magnetism backing 
layer 15 which can set this example is about 30 [Oe], and since it has exceeded the coercive 
force Hcs of the soft magnetism backing layer 15, an impression field does not affect at all 
magnetization of the magnetization record layer which bears a record signal. 

(Example 3) 

[0031] Drawing 4 is the partial cross-section perspective view showing the configuration of the 
magneuc recorder and reproducing device concerning one example of this invention The 
conductors 21 and 21 for the magnetic head 1 to introduce the sense current I into the hard 
magnetism material 20 and 20 and the MR component 19 which become the both ends of the 
MR component 19 from CoPt of thickness 0.02 [mum] are formed, the conductor of conductors 
21 and 21 - the width of recording track Tw by which the between distance D is formed in a 
verticd-rnagnetic-recording medium It specifies, in addition, the conductor of conductors 21 and 
21 - the between distance D and the width of recording track Tw relation - D>Tw It is desirable. 

[0032] The vertical-magnetic-recording medium 2 carried out thickness 0.2 [mum] formation of 
the soft magnetism backing layer 22 which consists of NiFe on the substrate 5 made from the 
aluminum of the thickness 0.635 of the diameter of 2.5 inch [mm] by the DC magnetron 
sputtering method m the argon gas ambient atmosphere. The field inboanl coercive force Hcs of 
the soft magnetism backing layer 22 was 12 [Oe]. the magnetization record layer 23 which 
furthermore has the perpendicular magnetic anisotropy which consists of CoCrTa on it - the 
inside of an argon gas ambient atmosphere - the DC magnetron sputtering method - thickness 
U.U« [mum] - having formed . The perpendicular direction coercive force Hch of this 
magnetization record layer 23 was 1900 [Oe]. On the magnetization record layer 23, in order to 



secure the endurance over contact of a head, thickness 0.007 [mum] formation of the insulating 
protective coat 24 which consists of ZrO was carried out by RF spatter. 

[0033] The hard magnetism material 20 and 20 has Magnetization M crosswise [ of a truck ] 
(radial [ of a substrate ]), and impresses the field of the truck cross direction to the interior of a 
soft magnetism backing layer by the magnetization M. The magnetic field strength of the truck 
cross direction by the hard magnetism material 20 and 20 is about 20 [Oe], and exceeds the 
coercive force Hcs of the soft magnetism backing layer 23. Thereby, the pulse-like noise by the 
domain wall displacement of the soft magnetism backing layer 23 was able to be reduced, and 
the signal quality as well as the above-mentioned example was able to be raised. 

[0034] In addition, in the example of this invention, although the laminating of a soft magnetism 
backing layer and the magnetization record layer was carried out only to one field of a substrate, 
you may be the vertical-magnetic-recording medium of the double-sided mold which did not 
adhere to this and carried out the laminating also to the field of another side of a substrate. 

[0035] 

[Effect of the Invention] According to this invention, even if it is a vertical-magnetic-recording 
medium using a soft magnetism backing layer, the domain wall displacement of the soft 
magnetism backing layer at the time of signal regeneration can be controlled, and generating of a 
pulse-like noise can be controlled effectively. Moreover, since magnetization of a magnetization 
record layer does not receive effect in an impression field at all, degradation of a signal quality 
can be prevented. Therefore, it becomes possible to acquire the regenerative signal of the big 
high quality of SN, without spoiling the high density recording characteristic of a vertical 
magnetic recording. 



[Translation done.] 
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Publication Title: 

MAGNETIC RECORDING AND REPRODUCING DEVICE 
Abstract: 

PURPOSE:To suppress the generation of impulsive noises by providing a 
magnetic field generating element which can impress magnetic fields to the 
prescribed region of a soft magnetic backing layer at the time of signal 
reproduction. ^ 

CONSTITUTION:This perpendicular magnetic recording medium 2 is constituted 
by successively laminating the soft magnetic backing layer 6 and a magnetization 
recording layer 7 having perpendicular magnetic anisotropy on a nonmagnetic 
disk-shaped substrate 5. Further, a protective layer 8 is formed thereon. Sense 
current I flowing in the magnetic head 1 of this magnetic recording and 
""^-Sf^^iiP'^Q ^evice generates the magnetic field H in an intra-surface direction 
within the soft magnetic backing layer 6 right under the magnetic head 1 and the 
magnetic walls of the soft magnetic layer are fixed by this magnetic field or is 
rnagnetized in one direction, by which the magnetic walls are dissipated Then 
the magnetic wall transfer of the soft magnetic backing layer 6 is suppressed 
without affecting the recording magnetization of the perpendicular magnetic 
anisotropy layer 7. The generation of the impulsive noises by the abruot 
magnetic wall transfer is suppressed. 
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